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Abstract 
It was investigated how to extract both 
morphometrical and X-ra y elemental information 
from scanning electron microscopical (SEM) or 
scanning transmission electron microscopical (STEM)-
images and how to integrate these two information 
streams either on line or off-line after storage. 
Cytochemical reaction products in cel l organ-
elles in ultrathin sect ions are the bioloqical 
structures of interest. In such organelles four 
different situations can be met: morphol ogically 
the structures are homomorph or heteromorph; chem-
ically the elements are distributed either homo-
geneously or heterogeneously. A new program has 
been proposed and described, which permits deter-
mination of both the area and the mean net-intensity 
value of chemical elements, inhomogeneously distri-
buted over heteromorph organelles. The value of 
this integration method is demonstrated by three 
examples of increasing complexity, starting with 
two elements which are more or less homogeneously 
distributed over one lysosome, the establishing of 
a platinum discontinuity in an acidophilic granule 
and finally the localization of two chemical ele-
ments inhomogeneously distributed over a rather 
heteromorph phagolysosome. 
In two examples Chelex ion exchange beads, 
maximally loaded with the element also present in 
the structure of interest, are co-embedded with 
the tissue as internal standards. In such cases 
the absolute elemental concentration in the struc-
tures analysed can be established. 
The presence of such cross-sectioned beads in 
the ultrathin sections is also used: 1) to demon-
strate their function as models to select the 
proper conditions for the digital-controlled raster 
analysis of the unknown cell- or tissue structures, 
2) to prove the value of this method. 
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Introduction 
X-ray microanalysis (XRMA) of biological 
specimens gives information about the chemical 
elements present in structures of SEM or STEM or 
conventional transmission electron microscopical 
(CTEM) images, mostly recognized on the basis of 
morphologica l criteria. The elements present can 
be: naturally occurring, related to a disease, 
or deliberately introduced by a cytochemica l 
reaction. Qualitative ly, XRMA is widely used to 
coll ect information about: 1) absence or presence 
of chemi cal elements in various morphological 
st ructures, mostly recognizab l e ce ll organel l es, 
provided the element is detectable by XRMA (Z>ll~ 
2) chemical differences among morphologically 
identical structures; or 3) the ratio of several 
chemical elements within morphologically identi-
cal structures. Numerous examples are avai l abl e 
in the literature. When there is a need for quan-
t i fication, the general approach is to analyse a 
known standard with the unknown, and compare the 
relative net-intensities (P/B) under the same in-
strumenta l conditions. Fiori and Blackburn (13) 
and recently Roomans reviewed the literature on 
this subject (28). We have advocated the use of 
maximally loaded Chel ex ion exchange beads as an 
internal standard which can be co-embedded with 
the biological tissue to be analysed (8,9,12). In 
this way quantitative chemical information is ob-
tained about the elements in the morphologica l 
structures in cells or tissues. When the chemical 
element is homogeneously distributed over the 
structure, point analyses suffice . However, the 
chemical elements are frequently not unifo rmly 
distributed over the morphological structures and 
therefore problems arise in the quantification 
procedure. The same holds true when the morpho-
logic al str ucture s (like most cell organelles) 
are involved in dynamic processes, leading to 
changes in number or volume. In such cases morpho-
metrical and chemical information has to be col-
lected and both information streams have to be in-
tegrated. This signal integration process involves 
either the integration of two XRMA-signals or the 
integration of XRMA-signal(s) with electron-image 
signals. When multi-elemental X-ray maps are to 
be collected and quantitatively integrated, the 
acquisition step is rather complicated. Several 
regions of interest from a representative spectru m 
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are to be processed to obtain net-intensity fig-
ures, to be displayed and/or stored for compari-
son. The use of multi-coloured images facilitates 
discrimination between the various grey-scale 
values or the different element localizations. 
Mathematical proces s ing by filtering or by kernels 
(= pixel masks) may be the next step in image-pro-
cessing, followed by a reconstruction of the pro-
cessed image on screen or printer. Examples of t he 
application of mathematical morphology, at the 
light microscopical level, can be found in the 
lite rature (24,27,36). Recent examples in which 
chemical XRMA and morphometrical information are 
integrated can be found in metallurgy, in which 
various phases in an alloy are generally differ-
entiated chemically and the total area occupied 
by each phase is established in relation to the 
total area (3,4,19,21,23,26,29,40). Other examples 
can be found in situations when in a population of 
(dust or asbestos) particles, one type has to be 
discriminated from the others. Individual parti-
cles are discriminated (based upon their chemical 
and morphological infor mation) and placed in sub-
populations (14,16,23,26,32). 
This paper will report about efforts to de-
termine from cytochemical reaction products in cell 
organelles, both the area occupied and the elemen-
tal concentration . 
In EM-cytochemistry enzyme act ivit y is con-
verted in metal precipitates . Such metal precipi-
tates can be present in cell organelles, such as 
endoplasmic reticu lum, Gol gi zones, lysosomes, or 
granules. Sometimes the precipitate is rather uni-
formly distributed over the entire organelle, 
mostly not. In some organelles more than one ele-
ment can be present, either naturally (ferritin, 
containing iron and phosphorus) (25), or in a com-
bination of a colloidal marker plu s a cytochemical 
reaction product (7), or as two reaction products 
(1,33,34,35), or two markers. In the latter cases 
multiple point analyses are sometimes (qualit a-
tively) meaningful, but mostly not. When more than 
one element is present inside the structure, ele-
mental mapping might disclose their presence and 
their relative topographic orientation (18,32). 
By the method of digital-controlled raster analysis, 
both their areas occupied and each relative net-
elemental concentration can be obtained and mutual-
ly related quantitative ly by an integration proce-
dure. As maximally loaded ion exchange beads 
(bearing the same element(s) in a known concentra-
tion as the precipitate to be analysed) are co-em-
bedded with the cells or tissues, such standard 
beads can also be used as a model system to set 
analyt i cal parameters optimally. Such an analyt i cal 
approach has both hardware, software, microscopical 
and stat i stical aspects, which wi ll be briefly out-
lined in the Materials and Methods, prior to the 
description of three examples, 1n increasing com-
plexity, to illustrate the case. 
Materials and Methods 
The animal tissue used for this investigation 
was glutaraldehyde-perfusion-fixed rat kidney and 
liver or mouse peritoneal cells. After fi xation 
and washing, the tissue was incubated in the media 
to detect acid phosphatase activity with either 
cerium or lead as the capture ions (according to 
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Hulstaert et al., 20; and 39). The tissue was post-
fixed with Os04 plus K4Fe(CN)6 according to de 
Bruijn and den Breejen (6) . The glutaraldeh yde-
fixed mouse peritoneal cel l s were incubated for 
peroxidase activity with H202 and Di Amino Ben-
zidine as acceptor, which was made electron dense 
with 10% w;v H2PtCl 6 in 10% HCl for 1 hat room 
temperature, followed by a rinse in 10% HCl (de 
Bruijn et al., to be published). 
These cells were not postfixed. Mixed with 
these cells, maximally loaded ChelexlOO platinum 
beads were co-embedded. The rat liver tissue con-
tained maximall y loaded iron beads close to the 
tissue cubes. By neutron activation the iron con-
centration was determined to be 11.5% w;w, and 
the platinum concentration was determined by X-
ray microanalysis in the SEM-mode at 20 kV, with 
100% platinum as a reference, to be 18% w;w. The 
ultrathin 50 nm sections were observed without 
any post-staining. 
The Philips EM 400 analytical electron mi-
croscope i s equipped with a backscattered-elec-
tron rina detector, and a STEM-detector in com-
bination~with a Tracor Northern TN 2000 system . 
Spray apertures are present to reduce spurious 
X-rays, where possible. The ultrathin sections 
are mounted on Formvar-film covered 70 mesh 
copper grids in a beryllium low-background holder. 
In the specimen plate of the microscope, the side-
entry goniometer and the X-ray detector are mount-
ed in the same horizontal plane. The axis of the 
holder is situated perpendicular to the axis of 
the X-ray detector. The holder in the goniometer 
is tilted 18-24° towards the energy dispersive 
Sili -det ector, mounted with 24° tilt with respect 
to the horizontal plane. 
For the performance of the digital-controlled 
raster analyses, a TN 1310-unit is added to the 
computer system. With thi s unit the electron beam 
can be directed over the specimen in a line or 
raster pattern, by computer control. 
The acquired images are visualized on a colour 
screen. During the integration process of the 
electron-image- and X-ray net-inten sity inf or -
mation the printer/plotter i s used to relate the 
two images to each other (see below). 
For the convent ional X-ray analysis, the com-
puter of the TN 2000 is loaded with the normal TN 
programs. Initially the TN-IP P (Image Processing 
Program) was used to so lve the above-mentioned 
biological probl em. The experiences gained stim-
ulated us to make a new program called reduced 
raster (10). This program i s mainly based upon 
the original IPP-ideas, but has additional ad-
vantages for biological material, in which the 
morphological information dominates over the chem-
i cal analysis. 
The main arguments to do so were: 1) in ul-
trathin sections the grey-values of the various 
organelles are not suff icientl y different to 
guarantee appropriate discrimination by the IPP 
program. Therefore this is now done manually by 
the analyst, by locating the reduced raster over 
the structure of interest to be analysed. 2) Once 
separated from the surround ings by that raster 
location, the analyst has to decide at which 
threshold value the structure is sufficiently iso-
l ated from the signa l s present in the cytop la smic 
Integrated image analysis in biology 
Fi g. 1. CHM-image of proximal tubu 1 e ce 11 contai -
nrng cerium prec i pi ta tes from ac id phosphatase ac-
tivity in lysosomes and Gol gi vesic l es. M = 20,000 
X uns tained. Ll = l ysosome to be analysed. See 
al so co 1 our print. Fig .5. 
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Fig. 3. Osmium net-intensity X-ray distribution 
arra y over ly sosome L1 in Fig. 1. Partic le deli-
neation is set by the electron image threshold ll5, 
obtained in Fig. 2. Mean Os net-intensit y "inside" 
is 21.15 + 6.06 c/p/s. Mean Os net-intensity "~ut-
s ide " i s T8.85 2:_ 6.37 c/p/s, Area = 0.2980 ;um . 
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MAGNIFICATION: 160000 
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Fig. 2. Electron array of 16 X 16 poi nt s in a re-
duced raster over l ysosome L1 in Fig. 1. At thres-
hold value : 115 c/p/ s, the lysosome i s well deli-
nea ted from its surroundings. The mean electron 
value "inside" is 158.44 + 19.86 c/p/s. 
ORIG INAL IMAGE: XRAY CE 
OVERLAY I MAGE : VI DEO 16 , 16 T HRES HOLD OVE RLAY TH RES HOLD : 11 5 
MAGNIF ICAT IO N: 160000 
0 . 6602um 2 , 2 LABEL : F 4 997 EE N LYS XRAY TOTA L AREA== % A REA= 0 . 2980um 
NUMBER OF POI NT S ( INN ER PARTICLE): 1 16 
MEAN ( I Pl : 0 6 .02 
J , 16 \ = 0 ' J C/S/nm 
2 
0. l 6C/ S / nm 2 S. DEVIATION ( I P) : .: 
8 12 5 ll 
0 l] 15 
7 11 
5 14 
J 10 2 ll l 0 
4 l l 7 ll 
7 10 J 10 
9 l 0 2 11 
4 11 
l 0 ll 2 10 8 11 
0 l4 2 10 
Fig . 4 . Cerium net-intensity X- ray distribution 
array over lysosome L . in Fig . 1, at the same 
particle delineation threshold 115 c/p/s. Mean 
"inside" net-intensity is 6.02 + 3. 16 c/p/s. 
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matrix to permit morphometrical and chemical anal-
ysis of the structure. 3) Several instrumental para-
meters have to be judged while performing the anal-
ysis (e .g . spot-size, dwell time, magnification, 
interpixel distance) in relation to the signal to 
noise ratio of the structure of interest, and the 
final quantitative result. 
In short, the reduced raster analysis pro-
gram is performed as follows: 1) The SEM or STEM 
electron image is created on the screen. Wegener-
ally use a basic magnification of 12,500x on a 
125 mm wide screen. By point analysis the elemen-
tal content of the structure of interest is ob-
tained and generally 400 eV wide regions of inter-
est (ROI's) are marked in the spectrum, plus one 
for the continuum to be subtracted. By one of the 
programs of the TN-software, the net-intensities 
of the 3 ROl's are determined. The background re-
gion (400 eV wide) is positioned such that after 
subtraction of that region the net-intensity val -
ues of the ROI's are about equal to the values ob-
tained by the TN software program (see also Dis-
cussion). 2) The reduced raster is directed tothe 
structure of interest, the size of it adopted to 
the structure and the spot size is chosen. 
Now two approaches are operative: 
a. If the structure is considered or expected 
to be chemical ly homogeneous then 3) the number of 
pixelpoints is set at 256 x 256 points per reduced 
raster area. On the colour screen (in 16 grey-
level/pseudo colours) the electron image is ob-
tained. Subsequently, the multi-coloured image is 
converted into a bi-coloured image, one for the 
"in side", one for the surroundings. The area of 
the "inside" part is determined as the percentage 
of pixels "inside", with respect to the total 
amount of pixels present in the whole area. As the 
area of the reduced raster is known, the inside 
area can be calculated. The original !PP "hi sto-
gram" program ass i sts in threshold setting and 
area calculation. By (multiple) point analyses in-
side the structure, the chemical content is ac-
quired as net-intensity values, to be compared 
with an internal standard, present in the same 
ultrathin section. 
b. If the structure is considered to be 
chemical ly inhomogeneous, then after the initial 
area determination by the 256 x 256 electron image 
as described in 3), two extra acquisitions are made 
at 16 x 16 pixelpoints for the integration of the 
morphometric and chemical analysis as follows: 
4) The 16 x 16 electron image of the reduced raster 
area is acquired. As a routine, prior to the digi-
tal-controlled raster performance, a line scan is 
made in the middle of the reduced raster area. The 
values of these 16 points are displayed graphi-
cally to judge the contrast of the structure with 
respect to the dwell time, which is set to assure 
maximum separation between structure and surround-
ings. If necessary, the lower values can be cut 
off by raising the baseline in the graphic display. 
The 16 x 16 electron image is acquired and stored 
on disk. 5) Subsequently the 16 x 16 X-ra y net-
intensity images are acquired for the (maximally 
four) regions of interest in the spectrum set be-
fore. Also in this case a 16 points line sca n in 
the middle of the area is performed and the net-
intensity values of each of the elements present 
in the selected regions of interest are 
graphically displayed on the screen . Again by 
choosing the appropriate dwell time and the indi-
700 
vidually selected thresholding for each element, 
the condition s can be set, prior to the perfor-
mance of the digital-controlled raster analysis 
of the entire reduced raster area. All four 
elements are acquired in -one run and the net-in-
tensity arrays are stored on disk. 6) The inte-
gration of the information is performed on the 
printer with either one of the X-ra y net-intensi-
ty arrays and the 16 x 16 electron array or be-
tween two X-ra y arrays (see top captions in Figs. 
2-4). Prior to printing, each array can be dis-
played on the colour screen, threshold values can 
be introduced continuously backwards and forwards. 
Once an appropriate threshold has been reached and 
set, the array is pr inted. In the array the fig-
ures above the selected threshold value are sepa-
rated by a line from those below that value in a 
way creating an "inside" area separated from its 
surro undings. By defaulting the array, the thres-
hold boundary alone can al so be printed. Moreover, 
this threshold boundary can be super imposed over 
other arrays. This enables boundaries, determined 
in the electron-image array, delineat i ng the 
structure of interest, to be superimposed over 
net-intensity element arra ys . Mean net- intensity 
values can be calculated from the figures present 
"inside" the structure. 
The number of pixel points inside the de-
lineated area is given, so the area occupied by 
the structure (or by the elements within the 
structure) can be calculated, as the total number 
of figures inside the whole reduced raster area, 
and its magnification i s known. By photographic 
superimposition of the different delineations the 
topographic relation of the various elements with-
in the structure can be reconstructed. 7) The 
vertical scale in the obtained arrays ranges from 
zero to 255. The grey-scale value$ in the electron 
array are divided between black and white into 
255 steps (each grouped together in 16 pseudo-
coloured classes including black and white at 
each end of the scale). In our specimens the 
rather heavy precipitates have a contrast range 
well within the 255 sca le . The much longer dwell 
times during X-ray acquisition can create in the 
X-ray net-intensity arrays values over 255. By 
raising the baseline threshold in the line-scan 
graphics only the top 255 figures (e.g. from 500 
to 755) can be printed in the array (such that 
501 is represented by 1 and so on). Alternatively 
just the lower values can be printed, such that 
all values over 255 are printed as 255. 
The conditions at which the integrated mor-
phometrical and X-ray analyses are performed are 
rather important. In addition to the choice of 
the instrumental conditions (acce leration voltage, 
spatia l resolution of the operation-mode selected, 
beam intensity and spot size), beam damage sensi-
tivity and stability of the specimen in the mi-
croscope determine whether two separate ly ac-
quired arrays can be compared with each other. 
Moreover, the signal to noise ratio of the 
electron and the X-ra y signal determine whether 
the structure of intere st will be recognized and 
measured. The heavy metal precipitates in the 
cytochemical examples described in this paper 
possess the required high sig nal to noise ratio, 
but other structures may fail to do so. 
Several statistical tests have been applied 
ad hoc to the results obtained, to prove the "re-
1 i ability" of the method. The co-embedded Chelex 
Integrated image analys i s in biology 
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Fig . 14. X-ray spectrum of a 100 sec. point analy-
sis of an ultrathin cross -sectioned eosinophilic 
granule, visualized by a peroxidase reaction with 
DAB and H7PtCl6 (Fig. 15). The presence of plati-num and cnl orine is demonstrated. 
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Fig. 16. Electron array of a 16 x 16 raster over 
the granule shown in Fig. 15. The threshold 99 c/ 
p/s delineates the part i cle from i ts surroundings 
and the central core -area from th 2 remainder of the granu l e. Particle area= 0.46 ;um . 
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Fig. 15. Enlarged portion of a normal STEM image 
of an ultrathin cross-sectioned eos inophilic gra-
nule, visua li zed by peroxidase/DAB/HzPtCl5 coll ec-
ted on a Formvar-fi lm covered grid . The di gita-
l i zed colour image is given in Fig. 7. 
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Fig. 17. The net-intensity plat inum X-r ay distr i-
bution array. Over the same area as shown in Fig. 
16. The electron-image threshold 99 c/p/s shown 
in Fig. 16 al so deli neates the gra nule in this 
array. 
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ion exchange beads (maximally loaded with either 
iron or platinum) are used in that case more as 
model objects than as internal standards, demon-
strating that the whole system can be reconsid-
ered at any time after the initial acquisition 
and storage of the information. 
Results 
Analysis was carried out on lysosomes and 
golgi zones in proximal tubule cells of mouse 
kidney, eosinophilic granules, phagolysosomes in 
rat kupfer cells, and Chelex standard beads. For 
convenience, the results are summarised in Figs. 
1-4 (mouse proximal tubule cells), in color prints 
Figs. 5 and 6 (mouse proximal tubule cells), 
Figs. 7, 8 (eosinophilic granules), Figs. 9, 10 
(Chelex beads), Figs. 11-13 (phagolysosomes), and 
in Figs. 14-17 (eosinophilic granules), Figs. 18-21 
(Phagolysosomes) and Figs. 22-26 (Chelex beads), 
respectively. 
In the proximal tubule cells of mouse kidney, 
acid phosphatase is present in lysosomes and vesi-
cles of the Golgi zones. The results are illus-
trated in Figs. 1-4 and colour prints Figs. 5 and 
6. In Fig. 1 black precipitates are shown in these 
places in a CTEM-image of an unstained ultrathin 
section. By point analysis the prese nce of cerium 
and osmium is established both in lysosomes and 
the Golgi vesicles. In Figs. 2-6 the lysosome, 
marked L1 in Fig. 1, is shown after digital-con-
trolled raster analysis. The non-uniform distri-
bution of the precipitate visible in Fig. 5, the 
256 x 256 binary electron image of the L1-l yso-
some, is averaged-out in the 16 x 16 binary elec-
tron image (Fig. 6). The out-print of this 16 x 16 
electron image is shown in Fig. 2. The threshold, 
set at 115 c/p/s, separate s the lysosomal part i-
cle from the cytoplasmic surround ings . The mean 
grey-l evel value inside the deline ation is 158.44 
+ 19.86 c/p/s (counts/point/sec), outs i de the de-
lineation 67.03 + 19.54 c/p/s (= 131 pixelpoints). 
The area occupi ed is 125 pixel points "inside" from 
the total 256 = 0.298 µm2. According to the Stu-
dent t-test these two values are sig nificantly 
different (p < 0.0005). In Fig. 3 the acquired 
osmium array is printed with the (threshold 115 
c/p/s) electron-image boundary super imposed. The 
mean net-intensity osmium value is 21.15 + 6.06 
c/p/s for "inside" the area (of 125 pixelpoints). 
Taking into account the spot s ize used (5 nm) and 
the dwell time per point (1 sec) the relative 
mean osmium net-intensity value is 1.1 + 0.31 
c/p/s/nm2. The mean osmium net-intensity value of 
the cytoplasm i c surround ings i s 18.85 + 6.37 c/p/s 
which is also significant ly different from the 
"inside" value (p < 0.0005). 
In Fig. 4 the cerium distribution array is 
printed, with the same (threshold 115 c/p/s) 
electron-image delineation. The mean cerium net-
intensity "inside" value is 6.02 + 3.16 c/p/s; 
"outside" 3.23 :t 2.68 c/p/s; these values ar e 
sig nificantl y different (p < 0.0005). The re lati ve 
mean cer~um net-intensity value is 0.3 2: 0.16 
c/p/s/nm . 
As the program does not recognize "zero" 
points, the number of pixelpoints is incorrectly 
reported to be 116 for the "inside" area. 
The platinum reaction product related to the 
peroxidatic enzyme activity of an eosinophilic 
granule i s shown in the colourprints Figs. 7-8 and 
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Figs. 14-17. In such granules a central area is 
present, known not to contain the enzyme peroxi-
dase, and hence not containing the platinum reac-
tion product. In Fig. 14 the spectrum of a point 
analysis of the granule is shown. In addition to 
copper peaks from the grid material and s ilicon 
assumed to derive from water in the knife-trough 
(as plain epon shows the peak too), platinum and 
chlorine from the reaction product are present. 
Fig. 15 shows the enlarged portion of the STEM-
image micrograph, and Fig. 7 the 256 x 256 elec-
tron-image from the digital-controlled rastered 
area. In Fig. 8 the 16 x 16 Pt net-inten s ity dis-
tribution is shown, demonstrating that the nu-
cleoid area still can be recognized. In Fig. 16 
the electron-image grey-value array is printed 
with the particle delineation from threshold 99 
c/p/s superimposed. This threshold readily sepa-
rates both the particle from its surroundings and 
the nucleoid from the remainder of the particle, 
although a small part next to the particle is also 
included. The area occupied b~ the particle at 
threshold 99 c/p/s is 0.46 µm . The mean "inside" 
grey-value was 145.69 + 35.03 c/p/s (129 pixel-
points), the mean "outside" value 76.13 + 13.57 
c/p/s. The two sets of values were sig niTicantl y 
different (p < 0.0005). In Fig. 17 the platinum 
net-intensity distribution array is printed, with 
the (threshold 99 c/p/s) electron image delinea-
tion superimposed. The mean pl at inum net-intensity 
value for the "inside" part is 17.00 + 8.51 c/p/s 
and for the "outside" part 11.48 + 7.28 c/p/s 
(p < 0.0005). However, the mean Pt net-intensity 
value of the central core is 18.6 + 7.15 c/p/s 
which is higher than the mean Pt net-inten s it y 
value in side the particle. Converted into a re la-
tive mean platinum net-intensity value: 0.9 
c/p/s/nm2 (excludin g the points not demarcated 
by the black line ). Al so in this case the number 
of pixelpoints "out s ide" the particle is corrected 
for the zero points mi ssed by the program. 
A phagolysosome in a rat Kupffer cel l is 
shown in the colour prints Figs. 11-13 and Figs. 
18- 21 . By point analysis the presence of a gold 
siqna l from the clearly visible, ingested, col loi-
dai gold particles was established plus the le ad 
from the performed cytochemica l reaction to demon-
strate the acid phosphatase enzyme act ivity. Fig. 
18 shows the enlarged portion of the original 
CTEM-image of the phagolysosome, in which the 
irregularly distributed colloidal gold particles 
are vis ible, surrounded by the osmiophilic lyso-
somal membrane, leaving a central area, without 
gold particles. The lead precipitate is hard to 
detect. 
In Fig. 11 the 16 x 16 electron-image of the 
digital-controlled raster analysis of the area is 
shown. Fig. 12 shows the gold net-intensity dis-
tribution, and Fig. 13 the lead net-intensit y dis-
tribution of the same area. At the thresholds in-
dicated, most of the gold and lead points are lo-
cated within the area marked by the electron image 
in Fig. 11. 
In Figs . 19-21 the gold and lead net-inten-
it y elemental distribution arrays are printed. In 
Fig. 19 the delineation of the particle is set by 
the threshold 27 c/p/s in the gold net-intensity 
array. Visually the distribution coincides very 
well with the CTEM-electron image in 2Fig. 18. The area occupied by the gold is 1.03 µm (1, µm2 for 
the lar ge particle marked L1 and 0.03 µmL for the 
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100 nm 
Fig. 18. Shows CTEM-image of a phagolysosome with 
ingested colloidal gold particles non-uniforml y 
distributed. The presence of lead in this ly sosome 
is estab li shed by X-ray mi croanalysis. Magnifi-
cation : 224,000X, unstained ultrathin section, 
80 kV.¢ and¢*= gold-parti cle-free areas. 
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Fig. 20. Lead net-intensity X-ray distribution 
array of the phagolysosome shown in Fig. 19. The 
gold threshold 27 c/p/s superimposed. The mean 
lead value "inside" is 13.71 + 6.01 c/p/s. This 
value is significantly different from the "out-
side" value. 
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Fig. 19. Gold net-intensity X-ray distribution 
array of phagolysosome shown in colour Figs. 11-
13 and 18. The gold threshold 27 c/p/s delineates 
the gold particle area. (80 kV. 16 x 16 pixel-
points). The mean net-intensity "inside" gold 
value is 49.09 + 13.24 c/p/s. 
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Fig. 21. Lead net-intensity X-ray distribution 
array as shown in Fig . 20, with the lead thres-
hold 16 c/p/s superimposed over the lead array. 
The mean lead value "inside" is 19.39 + 2.56 c/p/ 
s, which is significantly different from outside. 
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small particle in the right top corner marked L2 
in Fig. 20) . The mean gold net-intensity value for 
the L1 particle (at the threshold 27 c/p/s ) is 49.09 + 13.24 c/p/s. The mean "outside" net-
intensity gold value is 7.21 + 7.94 c/p/s, which 
values are significant ly ~ifferent (p < 0.0005). 
The area occupied 1.00 µm. The central area (ct,) 
not containing visually any coll oidal gold parti-
cles has a mean gold net-intensity value of 17.53 
.:::. 1. 74 c/p/s the other (<1>*) area only one value 
22 c/p/s. These values are significantly differ-
ent from the gold containing area in the remainder 
of the lysosome (p < 0.005). The mean lead-inten-
sity values inside the area (del ineated by the 
threshold 27 c/p / s, gold-Li-partic le ) are calc u-
lated from the lead array shown in Fig. 20 to be 
13.71 + 6.01 c/p/s (for "inside") and 8.13 + 4.44 
c/p/s Tfor "outside" L1 particle, not incluaing 
L2). These two values are significantly different 
(p < 0.0005). The mean relative net-intensity lead 
value for inside L1 becomes 0.17 + 0.08 c/p/s/nm2. 
The mean Pb net-intensity in the central "white" 
area (Fig. 20) is 10. 51 + 4 .43 c/p/s. 
In Fig. 21, the threshold setting in the lead 
intensity array has been changed, into 1~ c/p/s . 
The area occupied by the lead is 0.54 µm . The 
mean lead net-intensity value "inside" the thres-
hold 16-Pb-delineation is 19.39 + 2.56 c/p/s, the 
"outside" value is 7 .96 .:!:. 3.9 c/p/s (which two 
sets are again significantly different p < 0.0005}. 
The mean relative net-intensity for the lead value 
at its t~reshold 16 c/p/s becomes 0.25 + 0.03 
c/p/s/nm . The mean lead values for threshold 18 
as shown in Fig. 13) are for the "inside" L val-
ue 20.33 + 8. 16 c/p/s, the area occupied 0.33 µm2; 
the "outsTde" value 8.16 + 4.15 c/p/s (excluding 
L2) and the mean relative - lead intensity 0.26 + 
0.03 c/p/s/nm2. -
Model experiments with Chel ex100-beads 
ChelexlOO , on exchange beads loaded with 
either 11. 5% iron or 18% platinum, are co-embedded 
with the tissues or cell s to be analysed, and are 
present in the same ultrathin section. By a sing le 
point analysis (or a digital-controlled raster 
analysis of a small area in the cross-sectioned 
bead), the relative mean net-intensity values of 
the standard are compared with the values obtained 
under the same conditions in the unknown, and thus 
absolute values are obtained. In the colour print 
Figs. 9-10, at low magnification, an ultrathin 
sectioned platinum containing bead is analysed by 
digital-controlled raster analysis. In Fig. 10 the 
electron-image is shown, in Fig. 9 the platinum 
(top left Ma, binary; top right Ma plain), the 
chlorine (bottom le ft) and calcium (bottom right) 
element distribution is given . By comparison, 
these elemental distributions coincide well with-
in the area occupied by the cross-sectioned bead. 
In Figs . 22-23 the platinum and chlorine arrays 
are printed with the electron-image boundary of 
the bead superimposed. The mean net-intensity val-
ues were: "inside" 29.1 + 6.1 c/p/s and "outside" 
4.9 + 4.4 c/p/s. The mean chlorine intensities 
were: 21.2 + 5.4 c/p/s for "inside" and "outside" 
6.35 + 5.12- c/p/s. For both the platinum and chlo-
rine values the "inside" values were significantly 
different from the "out s ide" values (p < 0.005 
for both). The calcium values (not shown) were 
respectively: "inside" 4.7 + 4.0 c/p/s; "outside" 
1.53 + 1.79 c/p/s, which vaTues were also signif-
icantTy different. This element which was consid-
704 
ered a contaminant, was not homogeneously distri-
buted over the cross-sectioned bead. 
In the arrays shown, the "outside" values 
were certainly not zero either in the electron 
grey-level distribution, or in the X-ray net-in-
tensity distributions. Initially this fact was 
ignored, as the delineation of the particles was 
done subjective ly by the analyst either on-line 
or ad hoc. To improve the "inside": "outside" 
ratio (at a given s ignal to noi se ratio situa-
tion) four "variables" are available: a) increase 
the dwell-time per pixelpoint (Figs. 22-23 are 
taken at a minimal spot size of 2 nm and 2 sec/ 
point); b) increa se the amount of electrons im-
pinging onto the specimen, either by increasing 
the spot size, the beam intensity or both; c) 
for the X-ray net-intensities, improve or exag-
gerate the peak minus background calculation, and 
d} exclude, by thresholding, unwanted values "out-
side" the item of interest prior to performing 
the digital-controlled raster analysis . In Figs. 
24-25 examples are given in which cross-sectioned 
beads are used for this purpose as models. In 
Fig. 24 the iron net-intensity array of an ultra-
thin sectioned iron-loaded ChelexlOO bead is 
shown with the X-ray-Fe delineation of 65 c/p/s 
superimposed. This semi- lunar shaped part was 
analysed in the STEM-mode at 80 kV, with a 50 nm 
spot size at a beam intensity of 0. 175 µ Amps 
(as set by the bias voltage) such that the iron 
net-intensity was below 255 c/p/s. 
The beam intensity was measured at the iso-
lated 150 µm wide condenser-2 aperture. By vary-
ing the bias-voltage setting, the beam intensity 
(at 50 nm spot diameter) could be ranged from 
0.175 to 1.048 µ Amps. The concomitantly acquired 
iron net-intensities "inside" the bead ranged 
from 119 c/p/s to the maximum of 508 c/p/s. The 
"outside" values were virtually zero, ranging 
from 0- 6 c/p/s. 
In Fig. 25 the i ron-net intensity distri-
bution is given of the same bead as in Fig. 24 
with the X-ray Fe delineation of 50 c/p/s super-
imposed, but now at 20 nm spot size and 0.410 µ 
Amps at the C2 aperture. The "outside" values are 
very low indeed. In Fig . 26 the relation between 
the beam intensity (as measured at C-2) and the 
iron net-intensities are given (per sec in single 
point analysis) in the CTEM mode of a s imila r 
cross-sectioned bead, at various spot sizes and 
bias voltage settings. The direct relation be-
tween the beam intensit y and iron net-intensities 
is clearly shown. In these model-e xperiments in 
which actually no iron is present "outside" the 
bead area the iron values are virtually zero. In 
these two examples the threshold values of the 
line-scans were kept zero. By raising that thres-
hold only a few counts/point the "outside" value 
could have been made zero throughout. In the se 
types of experiments this is without danger, but 
in ultrathin sectioned cellular material, this 
"absence of element" condition cannot be guaran-
teed. However, the beads present in the same ul-
trathin sections can be used to create conditions 
favourable for the analysis of the unknown struc-
tures in the cells. 
In the cross-sectioned bead in Fig. 24, the 
magnification chosen is rather low to analyse also 
the surrou nding embedding medium. In doing so, 
the actual percentage of the area sampled by the 
spot diameter (in relation to the area covered by 
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Fig. 22. Platinum net-intensity X-ray distribution 
array of a cross-sectioned ChelexlOO ion exchange 
bead. The particle delineation superimposed is 
from the electron image array (shown, in Fig. 10). 
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Fig. 24. Ultrathin cross-sectioned ChelexlOO bead 
with iron. (Spot size: 50 nm, 80 kV, 1 sec / point). 
Beam intensity= 0.175 µAmp. (at C2-aperture of 
150 µm ¢)"inside" maximum below 255 c/p/s. 
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Cl distribution Cl • 42,4 c / 2 s ~ 10.9 (• 25,8\) 
Fig. 23. Gives the chlorine net-intensity X-ray 
distribution of the same ChelexlOO bead. The de-
lineation is again the electron-image threshold 
superimposed before, in Fig. 22. 
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Fig. 2~ Same semi-lunar shaped cross-sectioned 
Chelex OO ion exchange bead loaded with 11.5% iron 
(Spot size: 20 nm, 80 kV, 1 sec/point). Beam in-
tensity = 0.410 ;u Amp, (at Craperture of 150 fm 
¢): "inside" maximum below 255 c/p/s. 
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the reduced raster area) is rather small 
(about 0.56 %). By increasing the magnification and 
the spot size (or increa s ing the number of pixel-
points inside the analysed reduced raster area) 
this percentage can be augmented till the inter-
pixel distance equals the beam diameter value. 
At that moment the whole area i s completely covered 
by an interconnecting set of spots. 
Discuss ion 
In biological material, the X-ray signal to 
noise ratio can be rather low. However, in cyto-
chemistry rather heavy metal precipitates are 
allowed to be generated at the enzyme-containing 
sites. Moreover, also Os04 post-fixation proce-
dures (with or without complex-formation to in-
crease membrane contrast) are generally applied 
(11,37,38). In such metal-containing cell organ-
elles X-ray microanalysis can be used, either to 
detect the presence of a metal or to differentiate 
the enzyme-related metal (precipitate) from other 
elements present there. These elements can be pre-
sent either naturally (e.g. ferritin in lysosomes) 
or artificially introduced as markers (ingested 
colloidal markers 7,25). Especially in the latter 
case the elements are certain ly not homogeneously 
distributed over the organelle. Moreover, taking 
lysosomes as an example, each organelle in the 
population in the cell might have a different his-
tory and hence a different enzyme content. As such 
organelles are participating actively in cell pro-
cesses both the number of the lysosomes in the 
population, their volume and/or their enzyme con-
centration might change. Whenever quantitative in-
formation can contribute to unravel such dynamic 
processes, from each individual organelle involved, 
the morphometrical information acquired has to be 
correlated with the chemical enzyme-related infor-
mation. 
In the present paper the results of the appli-
cation of a new software program, designed to ex-
tract the desired morphometrical and chemical in-
formation and to integrate these two information 
streams, are reported. With respect to the results 
presented in the literature with such programs, a 
new aspect was the introduction of a manually lo-
cated, reduced raster area around the structure of 
interest, to discriminate the area to be analysed 
instead of the elemental masks proposed by Jeulin 
(21) and Bauer et al. (3) . In our program the 
electron image dominates over the X-ray images, 
which are considered secondary; however, the oppo-
site approach can still be executed. As mentioned 
in the introduction, by integrating morphometrical 
and chemical information four different combina-
tions are theoretically possible. However, in prac-
tice two remain important: inhomogeneous or homo-
geneous, irrespective whether the structures mor-
phologically are homomorph or heteromorph. Several 
aspects of the acquired results will be discussed: 
resolution, in both the electron and X-ray image, 
the integration process, the X-ray quantitative 
aspects, the minimal detectable limit and the sta-
tistics . 
The electron-image resolution 
Under normal S(T)EM-conditions the electron-
image resolution is determined by the magnification, 
spot size, number of lines per frame and the 
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line-time (in our case 1000 lines per frame; 64-
1000 m sec/line). On our 125 x 100 mm screen at 
the proposed (basic) magnification of 12500x, a 
spot size of 10 nm suffices for 1000 lines per 
frame (when beam broadening is ignored temporar-
ily) for 10 nm resolution. A digital-controlled 
raster analysis of the whole screen, using 1024 x 
1024 pixelpoints, will maintain that resolution. 
By reducing the area to be analysed to ! , ¼, 1/8, 
1/16 till 1/64 of the full screen, the number of 
pixelpoints can be reduced from 1024 x 1024, via 
512 x 512, to 16 x 16, without losing the original 
resolution. In all cases the interpixel distance 
(IPD) = spot size used . Whenever desired, the 
lateral resolution can be improved, and at 
62500x (for 1000 lines /frame or 1024 x 1024 pixel-
points per full screen) our minimal spot size is 
reached. This resolution can again be maintained 
for smaller areas on the screen by reduced numbers 
of pixels per rastered area, for the condition IPD 
= minimal spot size. A further increase of the 
magnification is possible but does not improve 
the resolution (empty magnification). Sometimes, 
under the condition IPD > spot size, the required 
resolution can be reached by reducing the area to 
be analysed somewhat further and/or by sel ecting 
a higher total number of pixelpoints, such that 
the condition IPD = minimal spot size is ful-
filled again. For morphometrical analysis, as per-
formed by our program, the resolution of the elec-
tron image is of les s importance. The variation in 
magnification, or the number of pixelpoints (16 x 
16 to 256 x 256) has a relatively small influence 
upon the ca lculated area. 
However, under the condition IPD > spot size, 
the numerical information obtained from the elec-
tron image i s fractional, and might, especially in 
inhomogeneously distributed electron scattering, 
lead to wrong conclusions. Moreover, when bound-
aries are analysed and conver ted into figures, 
these values are also less reliable. Although in 
such cases the use of a higher number of pixel-
points results in a better localization sharp ness, 
the area calculated is influenced le ss . So far we 
have not used the numerical information of the 
electron image for quantitative purposes. 
The X-ray image resolution 
Under the condition7PD = spot size, the 
chemical X-ray information has the same lateral re-
solution as the electron image, provided the mini-
mal detectable limit for that element is exceeded. 
This i s generally achieved by increasing the dwell-
time per pixelpoint considerably. Under this con-
dition the whole area to be analysed is covered by 
a network of joined circular spots, amounting to 
78% of the total area within the reduced raster. 
When beam-broadening in the ultrathin, 50 nm thick 
section is taken into account the array of joined 
cylinders is transformed into an array of trun-
cated cones. At which moment (ignoring the speci-
men tilt) the entire volume of materia l within the 
reduced raster area is analysed, at the cost of 
overlap. 
Under the condition IPD > spot size, the 
analysed volume in the truncated cone represents 
only a fraction of the total ~olume to be investi-
gated. When the elemental distribution i s homo-
geneous, this does not create serious problems, 
but it certainly does when elements are 
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inhomogeneously distributed. An increase of the 
spot size can re-establish the condition IPD = 
spot size, with concomitant loss of resolution, 
but also with a gain in signal. However, the val-
ues obtained for such an area are averaged out 
and might give rise to false conclusions. The same 
holds true for the values obtained at boundaries 
where the "inside"/"outside" distribution over 
the analysed area can give rise to figures from 
just over the "outside" value to values just un-
der the "inside" figure. Again this is of rela-
tively little influence for the morphometrical 
conclusions but it is of influence for the chem-
ical implications and for the integration pro-
cess. In the examples shown in this paper the 
final magnifications chosen were higher than the 
maximum set by the resolution (62500 x). Moreover. 
for practical reasons related to the integration 
process, 16 x 16 points were used per reduced 
raster throughout. The IPD in Figs. 1-4 is 49 nm, 
in Figs. 16-17 = 59 nm and in Figs. 19-21 = 117 
nm. The spot size was in all three cases 5 nm, and 
as a consequence the percentage of the total re-
duced raster area analysed was rather low. In-
creasing the spot size could have created the con-
dition !PD= spot size, with the consequences dis-
cussed for the resolution and averaged mean ele-
mental concentration. The electron image in Fig. 
7, analysed at 256 x 256 pixelpoints, of 5 nm spot 
size deserved 512 x 512 points of 2 nm spot size 
to fulfill the condition IPD = spot size, for op-
timal resolution equal to the original STEM image 
Fig. 15. 
Application of Goldstein's beam broadening 
equation to the 50 nm ultrathin sectioned 
ChelexlDD-Pt and Fe beads re sulted in b-value s of 
7 and 3 nm respectively (15). As a consequence the 
d+b values for our spot sizes ranged from 5-103 
(for Fe) and from 9-107 (for Pt) instead of 2-100 
nm, and concomitantly the condition IPD = spot 
size (d) can be changed into !PD= (d+b). The in-
crease in analysed volume can be calculated assum-
ing that cylinders become truncated cones with top 
circles of d and bottom circles of (d+b): 
(Vtr. cone - V cylinder ) . lOO%. The percentage 
V cylinder 
increase is for the Fe beads 100%, 72% and 33%, 
and for the Pt beads 934%, 205% and 86%, for the 
spot sizes 2,5 and 10 nm respectively, and an 
assumed perpendicular impact between the primary 
beam and the ultrathin sections. 
The element concentration as determined by digital-
controlled raster analysis 
The general approach used is based upon the 
presence in the same ultrathin section of a cross-
sectioned standard to be analysed under the same 




est · X~~known 
-,n 
\t 
As the aim was to obtain net-intensity values, the 
original IPP-program idea was followed, to perform, 
on-line, a peak minus background subtraction per 
pixel point. 
However, the quantitative results are highly 
influenced by the choice, which region of the 
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continuum is considered to represent best, the 
continuum under the three specific peak regions 
selected. Initially (Figs. 1-22) a background re-
gion in the continuum part of the spectrum was 
subtracted, that did not contain any peaks, accord-
ing to the criteria generally accepted (30,31). 
Moreover, the residual figures outside the struc-
tures (as revealed by the line scan display prior 
to the raster analysis) were only sparingly cut 
off, by raising the threshold . Later we adopted a 
method in which the content of the chosen contin-
uum contained so many counts, that after subtrac-
tion the resultant peak value was about equal to 
the value generated by a Tracor Northern program 
used for the quantitative analysis by hand calcu-
lation. In this way the discrimination between 
"inside" and "outside" the structure analysed in 
the reduced raster area is statistically improved 
(Figs. 24-25). 
The first method underestimated the contin-
uum under the three specific regions, the second 
has a tendency to overestimate it, as negative val-
ues are set zero. 
Several other alternatives for this back-
ground subtraction problem are available which 
have not been tested so far. Until then the latter 
method is adopted, as the standard is present in 
the same ultrathin section and measured under the 
same conditions. For that reason, it had to be 
assumed that the section thickness and the spe-
cific mass of the standard area is the same as the 
area of the unknown structure, to express both 
mean relative net - inten s ity value s as counts/sec/ 
nm2. The method applied demonstrates that hetero-
geneity in the elemental distribution in heteromor-
phic lysosomes can be measured and converted into 
figures. Only one example is shown (Figs. 13,20 
and 21) (threshold 16-Pb-delineation: 
-in 2 XPb = 0.25 ~ 0.03 c/s/ nm; _ 
threshold-18-Pb-delineation: X ~~ = 0.26 ~ 0.03 
c/s/nm2 as compared to the gold threshold 27: 
-in / 2 . . h h XPb-value = 0.17 :_ 0.08 c/s nm 1n wh1c t e se-
lected thresholds produced Pb values which were 
mutually not highly significantly different. 
However, the central area in the gold-con-
taining lysosome (<P Figs. 18 and 19), not con-
taining any gold particles visuall y , is signifi-
cantly different from the mean gold value in the 
remainder of the lysosome ( p > 0. 005). ( <P has a 
mean gold net-intensity= 17.53 + 1.74 c/p/s). 
Similarly has the other ( elf) "whTte" area in the 
lysosome (gold value= 22 c/p/s) a significant 
difference with respect to the remainder of the 
lysosome. The mean Pb- net intensity inside the 
central area (10.5 + 7.4 c/p/s) is not significant-
ly different from the mean "inside" Pb-value 
(13.71 + 6.01 c/p /s) . 
The minTmal detectable mass (minimal mass fraction) 
The success of the appl1cat1on of the method 
of digital-controlled raster analysis is deter-
mined by the condition already mentioned, provided 
the minimal detectable limit is exceeded. For the 
minimal detectable mass (MOM) Joy and Maher (22) 
gave a formula: Minimal Detectable Mass =..._-~1 .-
Px.T.J. 
in which Tis the counting time, J is current 
W. C . de B ru i j n 
density impinging onto the spec imen in the select-
ed spot, and Pi s Q .w .a . detection efficiency 
(in_which ax= the fraeti5n of the spectrum used). 
Again, T and J are the variables, making the MOM 
decrease when T and J are large. We had to select 
T = 1~10 sec., whereas initially (Figs. 1-4) the 
beam intensity at the chosen (too low) spot sizes 
was certainly not set at the maximum available 
value. ~hen these conditions were set accordingly, 
the inside values were not only much higher, the 
outside values were virtually zero (Figs. 24-25). 
According to Hall (17), the counting rate R 
(inc/sec) is determined by: Rx= (number incident 
electrons~sec) x_(X-ray quanta generated/electron) 
x (detect ion effici 1~cy of the detector) which be-c~mes: Rx= (0.6.10 .I ) x (wx.Qx.a.Sx) x (detec-
tion efficienc~), in which I = probe current, wx = 
flu~rescence yield, Q~ = cross section for ioni-
sation, a= the fraction of the spectrum used, and 
Sx is the element fraction present in the area 
under the beam. Hall argued that a, wx and Q are 
more or less constant, as was the detection ~ffi-
ciency in a certain instrument, so Rx= C.I.S 
(in which C = a constant value). A similar fo~mula 
can be given for the embedding material not con-
taining the element x, Bx= C.I.Sx (S = O?). In 
our cases for the element x, present tn the struc-
ture of interest, the mean net-intensity value 
"inside" '.eprese~ts Rx and that in the surrounding 
cytopla smic matrix (=mean net-intensity value 
"outsi~e") repr~sents Bx. Bx not only represents 
embedding material but might also contain the ele-
ment x. Adopting the equation for the Minimal De-
tectable Limit, as given by Chandler (5), we can 
formulate a criterion for the limit at which the 
mean elemental concentration "in sid e" the struc -
ture is too low, to be differentiated from the 
element in the surroundings. This criterion coul d 
be: [xi~ ]'-n• [ 2xout] ! min ,1- min (1) 
. . -in -out in which X and X are the mean elemental val-
ues as ob~ained by the reduced r~ster application. 
Now the minimum concentration (cio) at which the 
c'.iterion works can be calculate~:nconsidering the 
sit uation that an ultrathin sectioned standard is 
available and analysed by the digital-controlled 
raster method 
(2) 
I h . -in n tis formul~ \t = mean net intensity value in 
the s~andard c;~ = concentration in the standard 
and cin d x-in · · 1 min an min= minim~ values. 
For the criterion (1): Xi~ ~n _f2 Xo~t]~ two min 1/ l'. min 
conditions are to be adopted: 
1) 2 X~~~ ~ P~~~ + b~~~ (P~~~ = peak outside the 
structure and bo~t the background, at minimum min 
condition). 
2) Xmin ,rn • Pmin + bmin (in which P~~n and -in'- [in in] ~ · 
b~~n are the peak and background inside the 
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structure under the minimum condition). 
Equation (2) introduced into criter ion (1) makes: 




When it is permitted to accept that x o~t 
min 
Ci ~ '- n • [ 2 X~ r ] ! • C; ~ % 
X out 
st 
min ~ -in 
xst . 
For the PJ-loaded Chelex beads (Cst = 18%, Xin = 
58.2 and X out= 9.75 as represented i n Fig. 22, 
and acquired under less favourable conditions) 
for n = 2, the Cmin becomes 2.73 %. For the iron 
standard as represented in Fig. 24 and acquired 
UQder more favourable conditions (see below), 
CJ~n becomes 0.53 % for the iron, under the con-
ditions in Fig. 25: 0.78 %, for n = 2. 
Sta tis ti cs 
The "inside" mean values (Mean I P) plus the 
standard deviation are directly calculated by the 
program. For simplicity we excluded from the pro-
gram the calculation of the mean "outside" val-
ues, which is regretted, as now it has to 
be done by hand, off line. The Student t-test was 
used to demonstrate that the mean "inside" val-
ues were significantly different from the outside 
values. Only in two examples (Figs. 19 and 20), 
the elemental heterogeneity was judged in the 
same way. 
In our program only values between O and 255 
are ~rinted in the arrays. The linescan analysis, 
routinely performed prior to the digital-control 
raster analysis, is also used to trim down the 
vertical scale till below 255, generally by re-
ducing the beam intensity. However, the opposite 
can be done too: at high X-ray yields, the base-
line in the line scan display can be raised until 
it is 254 unit s below the highest value "inside" 
the st ructure : that value is set zero. In the 
latter case the conditions formulated by Barbi 
(2) to acquire at least 1000 counts/point/sec 
can be met and hence the accuracy level related 
to it. 
It is realized that the success of the ac-
quisition process demonstrated in this paper is 
due to the high concentrations of an element 
present in the structure of interest. The cross-
sectioned beads outside the cells or tissues can 
be used to set the instrumental and analytical 
conditions for correct analysis of the unknown 
structures. However, the cytoplasmic values for 
element X "outside" the structure a re not neces-
sarily zero, as the plain embedding medium out-
side the beads mostly is. By cutting these values 
off, information is lost. 
The integration of the electron and X-ray images 
The integration process of the electron and 
X-ray image data is performed after the two ac-
quisition steps. In general , the stability of the 
specimen must be high enough to enable these two 
acquisitions, otherwise the integration, as per-
formed now by calculating directly the area out-
side the structure, and the mean net-intensity 
value, creates nonsense values. When such in-
stabilities occur, the obtained values can be 
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"corrected" by hand calculation. Similarly, parti-
cles considered not to belong to the structure of 
interest can be excluded (Fig. 16). 
The elemental maps are acquired in the same 
acquisition run and can be considered to be topo-
graphically alike. We will change the program in a 
way that the total dwell time per pixelpoint in-
cludes both the time needed to perform the elec-
tron analysis and the time for the X-ray acquisi-
tion. 
The integration process is multi-directional. 
The delineation lines, set by thresholds and e .g. 
created in one X-ray elemental array, can be super-
imposed over any of the other X-ray arrays or over 
the electron image array, or vice versa. By de-
faulting the arrays, only the threshold delinea-
tions can be printed. This enables the topographic 
relation between elements within one structure to 
be reconstructed. As the arrays are stored on disk, 
the integration process can be reconsidered com-
pletely, later on. So far, the decision where to 
create the boundary of the particle, or of the ele-
mental location within it, is taken subjectively, 
by the analyst. Now that the "inside" / "outside" 
ratio has been improved, decisions about the par-
ticle delineation can be made more objective. How-
ever, this objectivity for the elemental concen-
tration might be difficult and additional criteria 
have to be found. The presence of the ultrathin 
sectioned ChelexlOO beads (containing the standard 
in a known concentration) next to the unknown par-
ticles in the same section enables direct quanti-
tative anal ysis . Moreover, these beads can be used 
to judge homogeneity, now expressed as a mean fig-
ure plus or minus sta ndard deviation, in relation 
to spot s ize and magnification . So far we have an-
alysed cross-sectioned beads at rather low magni-
fications, small spots, and a relatively low amount 
of points within the bead have been measured, but 
there are no real barriers to do so at high magni-
fication, and a high number of pixelpoints. It is 
to be realized that homogeneity of the cross-sec-
tioned beads can be disturbed by inhomogeneous 
parts in the underlying f ilm, or by material be-
tween film and ultrathin section. Moreover, the 
sectio ning artefacts, although easily recognized, 
play an important role. 
The main emphasis in the present program i s 
to sol ve the problem starting from the non-uniform 
distribution of the elements inside the cell organ-
elles. Three examples are given: 1) in which the 
relative small non-uniform cerium distribution in 
lyso somes is averaged out by the chosen 16 x 16 
pi xelpoints for X-ray analysis (Figs . 1 to 6), and 
also the osmium present appears to be rather uni-
formly distributed over the lysosome as discovered 
after the analysis; 2) in which a known naturally 
occurring discontinuity in the Pt-distribution with-
in a granule is used to demonstrate at which level 
of resolution the program can discriminate between 
two areas (Figs. 7,8, and 14-17); 3) in which the 
non-uniform distributed colloidal gold particles in 
a phagolysosome are related to the lead precipi-
tates of a cytochemical reaction to detect acid 
phosphatase activity ((Figs. 11-13, 18-21). In all 
three examples the particles were isolated from 
their cytoplasmic surroundings by (subjective) 
thresholding in the acquired electron image array. 
After superimposing the obtained margins over the 
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X-ray elemental arrays, in all cases the mean val-
ue "inside" the particle was significantly differ-
ent from the mean value present "outside", in 
spite of the certainly non-optimal microscopical 
conditions initially applied. Although the visual 
discrimination between the central core and the 
remainder of the eosinophilic particle observed 
in the electron-image analysis (Fig. 7) was re-
flected in the 16 x 16 net-intensity Ma X-ra y 
di s tribution map (Fig. 8) , it could not be es-
tablished in the printed array (Fig. 17). The mean 
elemental concentration values were expressed as 
c/sec/nm2 assuming the presence of ultrathin sec-
tioned ion-e xchange beads with a known concentra-
tion somewhere in the same section, from which 
under the same conditions, such a value could be 
obtained to calculate absolute values. By placing 
additional thresholds in the elemental arrays 
(Figs. 11-13 and 20-21) high elemental concentra-
tions within the structure could be traced, and, 
by defaulting the arrays, their localization in-
side the structure indicated. 
References 
1. Bacsy E. ( 1982). Enzymatic heterogeneity of ad-
renocorti cal lysosomes : an X-ray microanal yt i-
cal study. Histochem. J. 14, 99-112. 
2. Barbi NC. (1979). Quantitative methods in bio-
logical X-ray microanalysis. Scanning Electron 
Microsc. 1979; 11:659-672. 
3. Bauer B, Schwarz H, Nguyen van Thanh (1983). 
Digital image processing of combined SEM and 
EDX signal s . J. Microsc. 130, 325-330. 
4. Boyes ED, Muggridge BJ, Gorfnge D. (1982). 
On-line image process ing in high resolution 
electron microscopy. J. Microsc. 127, 321-335. 
5. Chandler JA. (1977) . Quantitative ---Y::-ray micro-
analysis. In: X-ray microanalysis in the elec-
tron micro scope (Practica l Methods in E.M.) 
(A.M. Glauert, ed.). North-Holland Publ. Co., 
Amsterdam, Oxford, pp. 490-492. 
6. De Bruijn WC, den Breejen P. (1975). Glycogen 
its chemistry and the mor pholo gica l appearance 
in the electron microscope II. Histochem. J. 
7, 205-229. 
7. ITe Bruijn WC, Schell ens JPM, van Buitene n JMH, 
van der Meulen J. (1979). X-ra y microanal ysis 
of colloidal-gold labele d lysosomes in rat 
liver sinusoidal cells after incubation for 
acid phosphatase activity. Histochemistry 66, 
137-148. -
8. De Bruijn WC. (1981). Ideal standards for X-ray 
microanalysis of biological specimens, Scanning 
Electron Microsc. 1981; II: 357-367. 
9. De Bruijn, WC. (1981). Ion exchange beads as 
standards for X-ra y microanalysis of biological 
tissue. Beitr. Elektronenmikrosk. Direktabb. 
Oberfl. 14, 369-372. 
10.De BruiSn- WC, van Zeelen JPh. (1983) . Combined 
image and X-ray microanalysis of biological ma-
terial . Bei tr. El ektronenmi krosk. Di rektabb. 
Oberfl. 16, 385-388. 
11.De BruijnWC, Memelink AA, Riemersma JC. (1984). 
Cellular membrane contrast and contrast differ-
entiation with osmium triazole and tetrazole 
complexes. Histochem. J. 16, 37-50. 
12.De Bruijn WC. (1984). Stancfards for quantita-
tive X-ray microanalysis of biological 
W.C. de Bruijn 
specimens. Les Editions Physique. Colloque C2, 
Suppl. 2; Tome 45, Les Editions de Physique. 
France, pp. 469-472. 
13. Fiori CH, Blackburn DH. (1981). Low Z glass 
standards for biological X-ray microanalysis. 
J. Microsc. 127, 223-226. 
14. Fuchs H, FucnsW. (1981). FOQUS: A program for 
the quantitative analysis of X-ray spectra 
from thin biological specimens, Scanning Elec-
tron Microsc. 1981; II: 377-394. 
15. Goldstein JI. (1977). Principles of thin-film 
X-ray microanalysis. In: Introduction to ana-
lytical electron microscopy (JJ Hren, JI 
Goldstein, DC Joy, eds), Plenum Press, New 
York, London, pp. 83-117. 
16. Gravekamp C, Koerten HK, Verwoerd NP, de 
Bruijn WC, Daems WTh. (1982). Automatic image 
analysis applied to electron micrographs. Cell 
Biol. Intern. Rep. 6, 656-657. 
17. Hall TA. (1971). The microprobe assay of chem-
ical elements. In: Physical techniques in bio-
chemical research, Vol. lA, Academic Press, 
New York, London, pp. 195-200. 
18. Heinrich KFJ. (1984). Use of color in micro-
analytical maps. J. de Physique, Colloque C2, 
Suppl. 2; Tome 45, Les Editions de Physique, 
France, pp. 201-209. 
19. Holburn OM, Smith KCA. (1979). On-line topo-
graphic analysis in the SEM, Scanning Electron 
Microsc. 1979; II: 47-52. 
20. Hulstaert CE, Kalicharan D, Hardonk MJ. (1983). 
Cytochemical demonstration of phosphatase in 
the rat liver by a cerium based method in com-
bination with osmium tetroxide and potassium 
ferrocyanide postfixation. Histochemistry 78, 
71-79. -
21. Jeulin D. (1981). Morphological SEM-picture 
process ing. Institute de Recherche de la 
Siderur gie Francai se (IRSID MESRE 864, France), 
pp. 1-36. 
22. Joy DC, Maher OM. ( 1977). Sensi tivity limit s 
for thin specimen X-ray analysis, Scanning 
Electron Microsc. 1977; I: 325-329. 
23. Lee RJ, Fisher RM. (1980). Quantitative charac-
terization of particles by scanning and high 
voltage electron microscopy, National Bureau 
of Standards Special Publication 533, 63-83. 
24. Meyer F. (1981). Cytology automation with ma-
thematical morphology. Biol. Cell. 41, 1-6. 
25. Myagkaya GL, de Bruijn WC. (1982). Y:-ray mi-
croanalysis of cellular localizations of ferri-
tin in mammalian spleen and liver . Micron 13, 
7-21. -
26. Nawrath N, Serra J. (1979). Quantitative image 
analysis: Theory and instrumentation. Micro-
scopica Acta 82, 101-128. 
27. Ri gaut JP, Berggren P, Robertson 8. ( 1982). 
Automated techniques for the study of lung al-
veolar s tereological parameters with the !BAS 
image analyser on optical microscopy sections. 
J. Microsc. 130, 53-61. 
28. Roomans GM. TT9-S3). Problems in quantitative 
X-ray microanalysis of biological specimens, 
Scanning Electron Microsc. 1980; II: 309-320. 
29. Sauer 8. (1983). Semi-automatic analysis of 
microscopic images of the human cerebral cor-
te x using the grey level index. J. Microsc. 
129, 75-87. 
30. "Snuman H, Somlyo AV, Somlyo AP. (1976). 
710 
Quantitative electron probe microanalysis of 
biological thin sections: Methods and vali-
dity. Ultramicroscopy 1, 317-339. 
31. Somlyo AP, Somlyo AV, "S"human H, Stewart M. 
(1979). Electron probe analysis of muscle and 
X-ray mapping of biological specimens with a 
field-emission gun, Scanning Electron Microsc. 
1979; II: 711-722. 
32. Stott WR, Chatfield EJ. (1979). A precision 
SEM image analysis system with full-feature 
EDXA characterization, Scanning Electron Mi-
crosc. 1979; II: 53-60. 
33. Sumner AT. (1978). Quantitation in biological 
X-ray microanalysis, with particular reference 
to histochemistry. J. Microsc. 114, 19-30. 
34. Sumner AT. (1984). X-ray microanaTysis of pro-
tein sulphydryl groups in chromatin, Scanning 
Electron Microsc. 1984; II: 894-904. 
35. Sumner AT. (1984). X-ray microanalytical cyto-
chemistry, Scanning Electron Microsc. 1984; 
I I: 905-917. 
36. Tanke HJ, van lngen EM, Ploem JS. (1979). Acri-
flavine-Feulgen stilbene staining: a procedure 
for automated cervical cytology with a tele-
vision based system (Leytas). J. Histochem. 
Cytochem. 27, 84-86. 
37. Van Dort JB, Zeelen JPh, de Bruijn WC. (1983). 
X-ray microanalytical detection of mouse kid-
ney lysosomal acid phosphatase by cerium in 
combination with various postfixations. Beitr. 
Elektronenmikr. Direktabb. Oberfl. 16, 389-392. 
38. Van Emburg P., de Bruijn WC. (1984)-:-Enhanced 
cellular membrane contrast in a marine alga 
by osmiumazole complexes. Protoplasma 119, 
48-54. -
39. Veenhuis M, van Dijken JP, Harder W. (1980). 
A n~w method for the cytochemical demonstra-
tion of phosphatase activities in yeast based 
on the use of cerous ions. FEMS Microbial. 
Letter s 9, 285-291. 
40. Wynford-Thomas D, Garrahan N, Jasani B, 
Williams ED. (1982). Automated cell counting 
in tissue sections: A new approach by "mul-
tiple grey-level analysis". J. Microsc. 127, 
175-184. -
Acknowledgments 
The assistance of Mrs. G.C.A.M. Spigt-v.d. Ber-
cken and Mrs. J .M. Tjong Akiet in preparing the 
manuscript and the skillful support of Mr. J.J. 
Beentjes and Mr. L.D.C. Verschragen in preparing 
the micrographs is gratefully acknowledged. 
Prof.Dr. W.Th. Daems, Mr. H.K. Koerten and 
Mr. M.J. van Noord are thanked for their critical 
reading of the manuscript. 






5 l 5 -• 
• 






n . 3 
+ 





























1 - I • • C 
(+) + 
I -~ -+* ... (*) t 0 .... 0 
40 100 200 400 
- Spot s ize in nm 
Fig. 26. Demonstrates the relacion between the 
beam intensity (at the various spot sizes) as in-
fluenced by the bias-voltage settings and the iron 
net-intensity counts/point/sec. os;ained from an 
ul trathin-cross-sect ioned Chel ex1 bead in CTEM. 
The beam intensity is measured at the i solated 
Cz-aperture. 
Discussion with Reviewers 
G.M. Roomans: The X-ray image resolution i s not 
1n tne first place determined by the spot size, 
t 
or ' cylinder ' size, but by the volume of the "trun-
cated cone'. Although the author appear s to be 
well aware of th i s, he creates in my opin ion un-
necessary confusion by first adher ing to the 'cy-
linder' concept and then correct ing to the ' trun-
cated cone' concept. In the meantime, however, to-
tall y i rrelevant calculations of X-ray intensities 
in c/sec/nm2 have been carried out (res ult s). 
Author: Ini t ially, the beam-broadening aspect as 
cal cul ated by Gold ste in /15) for thin metal foils 
was considered to play a rather unimportant ro l e 
i n bio l ogi cal ult rathin sectioned tissue. In a 
l ater phase, it was rea lize d that spec ifi c gravi-
ty values had been publ i shed previously (7) for 
the Chele x standards also used in this i nvestiga -
t i on. This opened up the possibility to calc ul ate 
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the beam-broadening in such cross - sectioned bead~ 
When performed , it was noticed that the initi al 
point of view was not correct and consequentl y the 
cylinder concept was replaced by the tru ncated 
cone concept . For didactica l reaso ns, the or iginal 
cylinder concept was not withdrawn. As long as the 
truncated cones do not overlap, the X-ray resolu -
t ion is determined by the IPD-value s . The conver-
si on of the X- ray net-intens~t y values into uni t 
value s (counts/points/sec/nm) is independent of 
the resolution. It enables one to compare the net-
intensity val ues acquired i n the Chelex-standards 
with the values obtai ned in the "unknown" in the 
cell. It i s assumed, that in the two places, the 
volumes of the truncated cones and the speci fic 
mass therein, are ident i cal and that the cones do 
not over l ap during the reduced raster analysis . 
G.M. Roomans: In the case of value s in the X- ray 
intensity arrays exceeding 255 (Materi al s and me-
thods s tep 7) , wouldn' t it be better to sca le all 
points re l ative to a maximum. i.e . for in stance 
if the inten s itie s range from 0-765, a ll inten si-
ties woul d be div ided by 3? 
Author: With the experience obta ined wi th the 
program over the l ast period we now rea l ized, 
that accepting the 255 counts as a maximum for 
the vertical sca l e can create a problem which is 
easi ly overlooked, when high in tens i ty val ues per 
poi nt are acquired . In the f ir st revis i on of the 
program an increase to twice that val ue has been 
foreseen (see al so th e la st question) . 
A.T. Sumner: It is not clear why the author used 
Os04 plu s K4Fe(CN)5 postf ixat ion after the acid 
phosphatase. No doubt the Oso4 would be essential 
to give adequate image contra st, but the use of 
K4Fe(CN)6 which might be expected to sta in glyco-
gen perhaps needs further explanation . 
Author: All pi ctures were taken from unstained 
ultrathin sect ions. To f ac ilit ate th e visuali za-
t ion of the lysosomal membranes, dur ing X-r ay mi-
croanalysis , potassium ferrocyanide (6) and hete-
rocyclic compounds (17) are proposed as additives 
to the osmium tetroxide postfixation. Especial l y 
in the latter case osmium i s the only extra el e-
ment added in the former case alternatives are a-
vai l abl e when t he presence of iron disturbs the 
elemental analysis /36,37) . 
A.T. Sumner: No mention is made of the stoich i o-
metric aspects of either enzyme reaction. This is 
not in i tself importa nt for the demonstration of 
the procedures described in this paper, but the 
fact i s that the results are gi ven two dec imal 
places with sta ndard deviation s attached. These 
figures are certainly measures of the amount of 
reaction product, but are not necessari ly propor-
tional to the amount of enzyme. If i t i s known 
that the amount of react i on product is an accura -
te measure of t he quantity of enzyme, this should 
be stated; and if t hat i s known, this limi tat ion 
must al so be mentioned. 
Author : It i s correct that t he figures ca lculat ed 
by the computer , are mean reaction product values, 
present in t he deline ated area within the red uced 
raster analysed . The accuracy of two dec imals i s 
cer t a inl y overdone, as l ong as the relation be-
tween t he elemental and enzyme concentr ation has 
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not been established. Truncation, ad hoc was not 
applied, though possible. However, as the relation 
between enzyme activity and metal precipitate is 
now under investigation the accuracy can soon be 
adopted. 
D.C. Joy : I would like to have seen some more de-
tails of the TN 2000 image store system, particu-
larly with regards to its acquisition parameters 
(time per pixel, dynamic range, etc), and some 
di scussion of the problems of radiation damage-
-just how much dose i s the sample exposed to in 
this procedure? Finally, I found the numerical 
presentation of data rather curious, in many pla-
ces data is specified in the form 13.85 +/-6.37 
etc. With error bars that large it i s simply not 
sensible to give data to three s ignificant figures 
i4 +/-6 would have done just as well and actually 
have been more correct. 
Author: Electron or X-ray net-intensity images 
are acquired per pixel point, ranging in number 
from 256 x 256 to 16 x 16 in a reduced raster area 
The digitalized informat ion is stored on di sk, and 
can be re-introduced into the program at any tim& 
In principle the acquisition in the reduced raster 
is not limited by the dwell-time per pixelpoint, 
but in practice the stab ilit y of the specimen 
(both in position and composition) res tri cts its 
acceptable exposure time. The rad iation damage 
(per unit time) is not different from that present 
by a point analysis. Actually the total dose i s 
spread over a 1 a rger area. I admit, that the nume-
rical presentation is out of proportion, but when 
designing a program, deci sio n have to be made 
without precise knowledge of the final result. 
Truncation, ad hoc, is always possible but not 
applied here. 
R.P. Becker and G.M. Roomans: Can you comment on 
the significance of color intensity in Figures 
5-13? 
Author: By the computer, the acquired 
digitised grey-values, or net-intensity values 
ranging per point between O and 256, are divided 
into 16 categories (0-16; 17-32, etc.). To 
each of these categor ie s a colour is assigned, 
dark colours for the low values, li ghter colour s 
for the higher values, white for the highest. As 
described, the line- sca n, performed prior to the 
reduced raster analysis displays the acquired va-
lues in the sixteen points against the colour 
scale. By changing the beam conditions the position 
of the range of grey- (or net-intensity) values in 
the object analysed (per line-scan) can be shifted 
along the colou r scale on the scree n, more to the 
white range or more to the black side. Once fixed, 
the reduced raster area i s analysed accordingly 
and the final result displayed (and/or stored on 
disk). When the image is converted into a binary 
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image with the help of the (orig inal IPP) subrou-
tine "Histogram" any colour can be selected for 
the two areas created. (In Figs. 5-6 the combina-
tion blue-white was se le cted) . In the developed 
sub-routine "Print" a second option was intro-
duced, to have one colou r for the surroundings 
and the full sca le for the values inside the de-
lineate d area. One is free to choose the colour 
for the background (in Figs . 12-13 a dark red 
colour was selected). In short, the colours as 
used in this paper, only have artistic, no scien-
tific values. The concomitantly introduced prin-
ted arrays represent the sc ientifi c part of the 
image, and show the calculations. 
Captions for Figures 5-13 
Dark colors indicate low values, light colors indi-
cate high values (see Discussion with Reviewers) . 
Fig. 5. Binary ele ctron image taken with 5 nm spot 
size at 256 x 256 pixelpoints from L1 marked in 
Fig. 1. Cerium distribution i s not uniform. 
Fig. 6. Binar y ele ctron image taken from the same 
lysosome L1 at 16 x 16 pixelpoints. In Fig. 2 this array i s pr int ed out. Cerium distribution uniform. 
Fig. 7. Electron image of one eosinophilic granule 
visualized by a peroxidase/D.A.B./H 2PtClQ method. 
Fig. 8 . Net-intensity platinum Mc:i.X-r ay distribu-
tion of the same particle shown in Fig. 7 at 16 x 
16. Print out of this image in Fig. 17. 
Fig. 9. Four net-intensity X-ra y images from a 
cross-sectioned ChelexlOO ion-e xchange bead l oaded 
with platinum. 2x Pt/Cl/Ca. The Pt and Cl arrays 
are printed out in Figs. 22-23. (see also text.). 
Fig. 1200Electron image of the same cross-sectioned Chelex Pt-bead. Figs. 9 & 10 at same magnification. 
Fig. 11. Electron image obtained by a 16 x 16 ana-
lys is of the phagolysosome, shown in Fig. 18. 
Fig. 12. Gold net-intensity X-ra y distribution. 
Magnification is same as Figure 11. 
Fig. 13. Lead net-intensity X-ray distribution of 
the same area, at the same magnification as Fig.11. 


